The breakpoint regions of both translocation products of the (9;22) Philadelphia translocation of CML patient 83-H84 and their normal chromosome 9 and 22 counterparts have been cloned and analysed. Southern blotting with bcr probes and DNA sequencing revealed that the breaks on chromosome 22 occurred 3 of bcr exon b3 and that the 88 nucleotides between the breakpoints in the chromosome 22 bcr region were deleted. Besides this small deletion of chromosome 22 sequences a large deletion of chromosome 9 sequences (>70kb) was observed. The chromosome 9 sequences remaining on the 9q+ chromosome (9q+ breakpoint) are located at least 100 kb upstream of the v-abl homologous c-abl exons whereas the translocated chromosome 9 sequences (22q-breakpoint) could be mapped 30 kb upstream of these c-abl sequences. The breakpoints were situated in Alu-repetitive sequences either on chromosome 22 or on chromosome 9, strengthening the hypothesis that Alu-repetitive sequences can be hot spots for recombination.
INTRODUCTION

Chronic myelocytic leukemia (CML)
,
MATERIALS AND METHODS CML patient and cell lines
CML patient 83-H84 is an 18-year old male. In this study leukophoresis material from the chronic phase of CML (karyotype t(9;22)(q34;qll) prior to treatment was obtained. The cell line K562 (13) and Hela cells were used as controls.
Southern blotting and hybridization
High-molecular weight DNA's, isolated as described (14) were digested with restriction enzymes, electrophoresed on 0.7% Agarose gels and blotted according to Southern (15) . Isolated DNA fragments (8) were labeled with -*2p as described by Feinberg and Vogelstein (16). Probes containing repetitive sequences were preincubated with sonicated human DNA to Cot=l (10 mg/ml, 0.6M sodium phosphate buffer pH7, 3 hr at 65°C). Hybridization and washing conditions were as described in previous publications (3,5).
Genomic cloning
To isolate the breakpoint regions a genomic library of patient 83-H84 DNA was constructed in /.-EMBL-3 (17). Normal chromosome 9 counterpart of phage EMBL-3a (9q+) was isolated from another CML-EMBL-3 library. The normal chromosome 22 or chromosome 9 sequences were previously cloned from human cosmid or phage libraries (5,7,8) . DNA sequencing Subcloned fragments of the breakpoint areas in pUC9 were sequenced according the methods of Maxam and Gilbert (18) . In those cases where no suitable sites were available, a series of Bal 31 deleted subclones were generated and sequenced using end labeled sites of the pDC9 poly linker. Fig. 2E, lane 1) We were not able to detect any additional hybridizing Bglll fragments using either a 1.2 kb E-S probe (Fig. 1A) spanning the 9q+ breakpoint or a 8.0 kb Ba probe (Fig. IE)  spanning the 22q-breakpoint (Fig. 2C and 2F) . The previously identified 9q+ and 22q-breakpoint Bglll fragments of 2.4 kb and 5.7 kb, resp. hybridize only very faintly to these probes because these parts of the probes contained several repetitive sequences which where competed out with human cot-1 DNA during hybridization. However the remaining parts of the 1.2 kb E-S or 8.0 kb Ba probes, which were able to detect the normal hybridizing 2.0 and 7.2 kb Bglll fragments did not detect any additional hybridizing fragments. Probably the chromosome 9 sequences between the two breakpoints are deleted although we cannot exclude the possibility that these sequences are present somewhere else in the genome.
RESULTS
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DNA sequences of breakpoints and normal counterparts
In order to determine the exact recombination site, subcloned breakpoint fragments (Fig. 3B, 3D ) and corresponding normal chromosome 9 (Fig. 3A, 3E) and 22 (Fig. 3C) (Fig. 5) . Although we have no direct proof we favor the explanation that the second recombination event took place at the Ph chromosome (Fig. 5, IIA 
